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Figure 2.1. The microbial communities associated with the meat processing facility. A) Alpha diversity 
changes over time by facility room function. B) The change in similarity between microbial communities 
sampled from the same facility drain over time. Each point represents the change in diversity between that 
timepoint and the previous timepoint. A downward slope represents a trend toward a stable community, 
while a distance of 0 would indicate no changes in a community between sample timepoints. C) Biplot of 
the beta diversity calculated by Robust Aitchison PCA. D) Taxonomy of samples collected from the 
facility, averaged by room function and sampling event. 

 

no further change. The early fluctuation followed by stabilization suggests a trend towards a stable 

microbial community within the facility drains. The observation of a consistent alpha diversity agrees 

with other longitudinal studies of the built environment, suggesting that the diversity of indoor microbial 

communities is stable once microorganisms have been introduced [7,8]. Conversely, microbial samples 

collected from door handles had a more variable alpha diversity that fluctuated across the entire 
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experimental period (Figure 2.1A). Door handles have more direct contact with personnel in the facility 

and may be cleaned less consistently than the floors, which may prevent a consistent community from 

establishing. This is similar to results reported by Ross and Neufeld in a study of the microbiomes of door 

handles on a college campus, where they demonstrated that individual door handles had distinct 

microbiomes, that door handle microbial profiles were temporary, and that the diversity directly 

correlated to debris present on the handle [6]. In the current study there was rarely visible debris on the 

door handles sampled, but that does not exclude the possibility of the presence of contaminants. 

Moreover, there was variation in the types of door handles throughout the facility, even within a single 

room function (i.e., push bars, levers, swinging doors), which may contribute to the variable diversity 

similar to the “microbial islands” observed by Ross and Neufeld [6]. 

The microbial community within a drain establishes itself over time with consistent facility use. 

The microbial diversity within each drain was compared longitudinally to identify whether the 

communities become more similar across timepoints (Figure 2.1B). This calculation was performed such 

that a decrease in the differences (a negative slope) between samples indicated a trend toward stability of 

a community. Interestingly, the communities approached stability at two timepoints: November to 

December of 2019 and September of 2020. The first stability timepoint occurred after approximately 

eight to nine months of production, at which point the routine within the facility was established and the 

facility was used consistently, though there was a low volume of product being produced. After these 

points the drain communities became more dissimilar over time. This is likely due to the occurrence of 

winter break at the university, when most facility employees took vacation and production decreased. 

Moreover, a major perturbation to the system occurred in spring of 2020, when the facility closed due to 

the COVID-19 pandemic and production ceased. In June of 2020, a commercial meat processing 

company began using the GFIC facility for their harvest and fabrication activities. This company 

represented a very high production volume with weekly use; this is the most consistent use within the 

GFIC facility. Almost immediately following the beginning of this new production schedule the microbial 

communities again approached stability. Notably, the two stable communities presented did not cluster 

This resource was prepared by the author(s) using Federal funds provided by the U.S. 
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.



 51 

together in a principal coordinate analysis. This is similar to a study of the establishment of hospital 

microbiomes by Lax et al., in which microbial similarity between samples in a room increased over time 

with a single patient, but the change in occupant quickly altered the system [8]. Overall, it is likely that a 

microbial community established in drains during the first year of consistent production at a facility, but 

major perturbations to the system significantly altered this stable state. 

 

Microbial Communities are Shaped by Room Conditions 

The microbial communities within the food processing facility are similar within the function of 

the room they were collected from. The communities clearly cluster by function of the room in a principal 

components biplot analysis and have similar taxonomic profiles within a function group (Figures 2.1C, 

2.1D). The live animal holding spaces and harvest spaces contained very similar, highly diverse 

communities (Figure 2.1A, 2.1C) with a high relative abundance of Firmicutes, likely derived from soils 

and feces deposited by the animals present in the facility. The clustering of samples from these spaces 

was driven by Clostridia, Moraxellaceae, and Janthinobacterium (Figure 2.1C). Moraxellaceae 

specifically has been previously reported as highly abundant in fruit processing facilities, where there is 

repeated introduction of outside microbes on the products [15]. Fabrication and processing spaces were 

consistently dominated by Pseudomonas. Indeed, the clustering of these groups is driven by three 

sequences associated with Pseudomonas species. Finally, non-product spaces that are only occupied by 

humans (hallways, storage rooms) are associated with an abundance of Alphaproteobacteria. These 

organisms, specifically orders Rhizobiales, Rickettsiales, and Sphingomonadales, have been previously 

reported on surfaces in food processing environments [15,16].  

The environmental conditions, especially temperature, may be the driving factor for the 

differences in communities across room function. Rooms are kept at different temperatures based on their 

primary function, with the product holding spaces kept the coldest (below -18 °C or below 4 °C), the 

fabrication and processing spaces also kept cold (below 10 °C), and live animal, harvest, and non-product 

spaces not temperature controlled. These uncontrolled spaces are generally room temperature or slightly 
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colder due to cooler activity in adjacent rooms, but during activity may become quite warm due to body 

heat and hot water use. Microbial communities in built environments are strongly influenced by 

temperature, so this likely plays a role in the drain community assembly [1,2,8,18]. Specifically, the 

communities in cold areas (fabrication and processing, product holding) were dominated by 

Pseudomonas, a group of psychrotrophic organisms that could thrive and out-compete other organisms in 

these spaces. Similarly, the dominant organisms in the warm rooms tend to thrive at higher temperatures. 

In fact, some, such as Clostridia, would not even enter a vegetative state until the temperatures are 

sufficiently high. These associations make it highly likely that the temperature of the spaces, controlled 

due to the function of the space, influences the assembly of the community. 

The frequency of cleaning and sanitation within the facility also influences the ability of 

microorganisms to form resident communities, as it results in a low nutritional availability, disrupts the 

formation of biofilms, and may force the organisms to remain the lag growth phase, slowing overall 

growth of organisms. However, these conditions are impacted by the function of the space. The live 

animal and harvest rooms, though regularly cleaned and sanitized, are still subjected to the high-volume 

input of potential nutrients through dirty livestock being introduced such as fecal material, blood, and 

viscera. Conversely, the fabrication and processing spaces generally only contain already sanitized meat 

products and regularly cleaned equipment, so the introduction of nutrients is less frequent. This further 

elucidates the competitive advantage of organisms such as Pseudomonas in these spaces, as these 

organisms have a high tolerance for low nutrients and sanitizers [19]. 

It is well-established in the literature that the occupants of a space in the built environment have a 

strong influence on the microbial community [3,4,7,8,20]. However, in food processing environments the 

room occupants are not just the human residents, but also the ingredients and raw materials used in 

processing. Samples from the feces, hide, and carcasses of livestock, soil near the entrances, and human 

employees in the facility were collected to evaluate the impact of various sources on the facility 

microbiome. As expected, the livestock-associated samples clustered with samples collected from live 

animal and harvest spaces and human hand swabs associated with non-product spaces (Figure 2.2A).  
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